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REMARKS 

I. Status of the claims and support for amendments 

Claims 31 and 41 are amended. 

Claims 38-40 are withdrawn. 

Claims 31 and 37-41 are currently pending. 

II. Amendment to the Specification 

The Action alleges that the Applicant has not complied with one or more conditions for 
receiving the benefit of an earlier filing date under 35 U.S.C. §120 (claiming the benefits of an 
earlier application). Applicant notes that as part of the Preliminary Amendment, filed May 9, 
2001 (receipt of which was acknowledged by the USPTO and listed at the public Patent 
Application Information Retrieval system) priority was claimed as required. Consequently, the 
amendment to the Specification is made merely to update the Application with the current status 
of the parent application. 

III. Election/Restriction 

Applicant acknowledges, with thanks, the fact that claims 38-40 are currently withdrawn, 
but will be rejoined once generic claim 41 is found to be patentable. 

IV. Rejection under 35 U.S.C. §112 
A. New Matter Rejection 

Claims 31, 37, and 41 are rejected under 35 U.S.C. §112 as allegedly containing "new 
matter" for their use of the phrase "specifically hybridizes". Applicant respectfully traverses. 

As currently amended, claim 41 now recites, in pertinent part "specifically hybridizes 
under stringent condition". For the reasons set out below, Applicant believes that this 
amendment overcomes the "new matter" objection. 
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As described in the MPEP a new matter rejection of a claim is proper when "subject 
matter not disclosed in the original application is. ..added and ...claim fed]". MPEP §706.03(o). 
However, it is Applicant's position that the claimed subject matter was disclosed in the original 
application. It has been held that: "[a]dequate description under the first paragraph of 35 U.S.C. 
§112 does not require literal support for the claimed invention.... Rather, it is sufficient if the 
originally-filed disclosure would have conveyed to one having ordinary skill in the art that an 
appellant had possession of the concept of what is claimed." Ex parte Parks, 30 USPQ2d 1234, 
1236-37 (B.P.A.L 1993) (emphasis added). Moreover, the Circuit Court of Patent Appeals 
reversed a new matter rejection based on appellant's change of the claim terminology 
"containing a medicant" to "carrying a medicant". The court reasoned: "[t]he question, as we 
view it, is not whether "carrying" was a word used in the specification as filed but whether there 
is support in the specification for employment of the term in a claim; is the concept of carrying 
present in the original disclosure? We think it is." In re Anderson, 176 USPQ 331, 336 (CCPA 
1973) (emphasis original). Thus it is evident that literal or ipsis verbis support for claim 
language is not required. All that is required is that the subject matter be disclosed in the 
application as originally filed. Applicant believes that this standard is met. 

Firstly, it is Applicant's position that emphasis is improperly placed on the phrase 
"specifically hybridizes". Clearly there is support, in many locations in the specification, for the 
use of the term "hybridizes" To Applicant's view the issue is whether the term "specifically" is 
disclosed, either explicitly or implicitly. 

When viewed as a whole (particularly in view of what was common knowledge among 
those skilled in the art, when the application was filed), there is unmistakable support for the use 
of the term "specifically hybridizes". The term "specifically hybridizes" was in common use 
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prior to the priority date of the instant application. The term was well understood by those 
skilled in the art to mean that hybridization occurred under stringent conditions and was specific 
or selective for those sequences that were very closely related or identical to the probe sequence. 
For example, see Hahn et al, Nature, 300:184-186 (1987), which is cited in the Information 
Disclosure Statement and is referred to at page 2 of the specification (see page 2, lines 27-29). 
The abstract for the Hahn et al reference (a copy of which is enclosed for the Examiner's 
convenience) refers to ''specific DNA probes". Moreover, use of the terms "specific 
hybridization" and "hybridizes specifically" was commonplace, prior to the filing of the priority 
document for the instant application. A few examples include: (1) Kahn and Wright, J, Virol 
Methods (1987), 15:121-130; (2) Bodner etal. 9 PNAS USA, (1985), 82:3548-51; (3) Snead et al 
J. Biol Chem. (1981), 256:11911-16; (4) Scarpulla et al J. Biol Chem. (1981), 256:6480-86; 
and Law et al,J. of Virology, (1979), 32:199-207 (for the Examiner's convenience copies of the 
pertinent parts of each of these articles, showing the use of these terms). 

In summary, the use of the term "specific" with respect to nucleic acid probes is 
explicitly disclosed (page 2 of the specification) and the term "specifically hybridizes" was well 
known and widely used by those of skill in the art at the time the application was filed. 

Additionally, the specification provides further implicit support for the use of this term. 
At page 2 the specification describes specific probes as "hybridizing] preferentially" to the 
target DNA. The meaning of this language is further elucidated by the disclosure at page 5, lines 
5-8, which recite, in pertinent part, "the unique characteristics of HIV-3 can best be appreciated 
by comparison with the same type of characteristics relating to other human immunodeficiency 
viruses, HIV-1 and HIV-2". An example of this type of comparison is illustrated by the results 
shown in Figure 14. Figure 14 (see description on page 9 of the specification) shows that under 
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"stringent conditions" there is no cross-hybridization between HIV-1, HIV-2, and HIV-3; that is, 
the hybridization is "specific". In contrast, under non-stringent conditions, cross-hybridization, 
or non-specific, hybridization occurs. Moreover, the meaning of the terms "stringent" and "non- 
stringent" (as is discussed fully in section IV. C, below) are described at pages 17 and 37 
respectively. 

In view of the foregoing explanation, Applicant asserts that though the term "specifically 
hybridizes" may not appear ipsis verbis there is, nevertheless, explicit support for this term. 
Furthermore, even if one is not convinced that there is explicit support for the use of this term, 
the presence of implicit support for the use of the term is unequivocal. Accordingly, Applicant 
asserts that the standards set out in Ex parte Parks and In re Anderson as sufficient to obviate a 
"new matter" rejection are fully met with by the instant Application, as pertaining to the use of 
the term "specifically hybridizes". Further, the addition of the phrase "under stringent 
conditions" to claim 41 immediately subsequent to the term "specifically hybridizes" renders the 
terms meaning clear, from context alone, to one skilled in the art. Consequently, Applicant 
believes that this rejection for new matter has been overcome and may now properly be 
withdrawn. 
B. Written Description Rejection 

Claims 31 and 41 are rejected under 35 U.S.C. §112, first paragraph, as allegedly 
containing subject matter that is not described in the specification in such a way as to reasonably 
convey to one of skill in the art that the inventors, at the time the application was filed were in 
possession of the claimed invention. Specifically, the rejection alleges that there is not sufficient 
support to "encompass probes that specifically hybridize to genomic RNA of the HIV-3 retrovirus 
deposited at the European Collection of Animal Cell Cultures (ECACC) under No. V88060301). 
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None of these sequences meet the written description provision of 35 USC 112, first paragraph 
The specification provides insufficient written description to support the genus encompassed by 
the claim." Applicant respectfully traverses. 

Applicant wishes to begin by drawing the Examiner's attention to a decision by the Court 
of Appeals for the Federal Circuit in 2002 that directly addresses this written description issue, 
namely, Enzo Biochem, Inc. v. Gen-Probe Inc., 296 F.3d 1316 (Fed. Cir. 2002) (for the 
Examiner's, convenience, a copy of this case in enclosed herewith). At issue in Enzo was 
whether deposits of biological material in a public depository provided the necessary written 
description for claims drawn to nucleic acid probes that selectively hybridize to the genetic 
material of the bacteria that cause gonorrhea. Id 9 at 1322. In finding for Enzo Biochem., Inc. 
the court stated: 

[w]hile deposit in a public depository most often has pertained to satisfaction of 
the enablement requirement, we have concluded that reference in the specification 
to a deposit may also satisfy the written description requirement with respect to a 
claimed material . . . .We therefore agree with Enzo that reference in the 
specification to deposits of nucleotide sequences describe those sequences 
sufficiently to the public for purposes of meeting the written description 
requirement ." 

Id 9 at 1326 (emphasis added). Thus Enzo directly addresses the instant issue. Since Enzo was 
decided subsequent to all of the cases cited in the Office Action it supercedes their holdings and 
provides precedence for the matter at issue. 

In view of the decision in Enzo Applicant asserts that the deposited material provides the 
written description required by 35 U.S.C. §112, first paragraph. As in Enzo, the presently 
rejected claims refer to nucleic acid available through a publicly available biological deposit. 
The claims refer to a DNA probe that hybridizes with the genomic RNA of the HIV-3 retrovirus 
that has been deposited. The fact that the retrovirus was deposited would convince one of 
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ordinary skill in the art that the inventors were in possession of the invention at the time the 
application was filed. 

The rejection also asserts that "while SEQ ID NO:l is disclosed, the specification is silent 
as to whether said sequence will meet the functional limitations of the rejected claims." 
Applicant respectfully disagrees. As part of the Amendment, mailed December 20, 2001, in 
response to the requirement for a corrected Sequence Listing, the specification was amended so 
that page 52, line 2, recites "HIV-3LTR (SEQ ID NO:l)". Further, page 51 states that SEQ ID 
NO:l corresponds to sequence from clone iso 70-11. Page 19, lines 23-25 disclose that 
iso 70-11 is a clone containing a large insert from HIV-3. The isolation of clone iso 70-11 is 
described at pages 17-19 of the specification, where it states, inter alia, that it was isolated from 
the HIV-3 strain ANT 70. Finally, at page 5, line 16, the specification discloses that the ANT 70 
strain was the one deposited as ECACC V88060301. Accordingly, SEQ ID NO:l clearly falls 
within the limitations of claims 3 1 and 41. 

Thus, given that the court held in Enzo that a deposit of biological material provides the 
written description required to support a claim and that the genetic material on deposit is the 
clear origin of the sequence provided in SEQ ID NO:l, Applicant contends that the rejections of 
claims 31 and 41, for lack of written description, has been overcome and may now properly be 
withdrawn. 
C. Enablement Rejection 

Claims 31, 37, and 41 are rejected under 35 U.S.C. §112, first paragraph as allegedly not 

being enabled by the specification. The rejection alleges that: 

claims 31 and 41 encompass polynucleotides (DNA probes) comprising non- 
disclosed nucleic acid sequences that specifically hybridize to the genomic RNA 
of HIV-3 retrovirus [and] the specification fails to specifically define what 
parameters constitute "stringent conditions". Therefore, said term is not limiting. 
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As disclosed above, the specification dose not teach how to make any 
polynucleotides that specifically hybridize to the genomic RNA of the HIV-3 
retrovirus. . . . Clearly since the specification has not taught how to make/use said 
polynucleotides, the specification has not enabled the instant claims that require 
DNA probes that specifically hybridize to the genomic RNA of the HIV-3 
retrovirus... .When given the broadest reasonable interpretation, the claims are 
clearly intended to encompass a variety of species including full-length cDNAs, 
genes and protein coding regions. Moreover, the use of the term "comprising" 
(claim 37 and "contains" (claim 31 reads on intact genomic material comprising 
enhancers, promoters, introns, and splice sites, etc. No reading frames are 
identified in any sequence such that one of skill in the art would be able to 
determine where such features could be within the sequence. Clearly, it would be 
expected that a substantial number of the hybridizing or complementary 
polynucleotides encompassed by the claims would not share either structural or 
functional properties with the polynucleotides that encode SEQ ID NO:l or its 
complement. The specification fails to provide an enabling disclosure for how 
one would make such polynucleotides. The specification provides insufficient 
guidance with regard to these issues and provides no working examples that 
would provide guidance to one skilled in the art on how to make/use the broadly 
claimed genus. For the above reasons, undue experimentation would be required 
to practice the claimed invention. 

Applicant respectfully traverses. 

With respect to the current claims recitation of the phrase "specifically hybridizes under 
stringent conditions", Applicant notes that the use of the term "specifically hybridizes" is fully 
discussed in part IV. A. of this response and the arguments there apply, with equal effect, here. 

The rejection also alleges that the term "stringent conditions" is not defined in the 
specification. Applicant respectfully disagrees. It is well understood by those skilled in the art 
that the "stringency" of a nucleic acid hybridization refers to the conditions under which the 
hybridization and washing of the hybridization are performed. Specifically, it is determined in 
terms of salt concentrations (with higher salt concentrations being less stringent), the presence or 
absence of denaturants or hydrogen bond disrupting agents, such as formamide (with high 
concentrations providing a more stringent condition), and temperature (higher temperatures 
being more stringent). The present application clearly defines what is meant by stringent and 
non-stringent conditions. For example, definitions of stringent conditions are provided at page 
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17, lines 16-23, page 37, lines 24-31, and page 40, lines 10-21. Similarly, non-stringent 
conditions are defined at page 37, lines 33 through page 38, line 2. Thus, the meaning of 
stringent and non-stringent is clearly defined in the specification and is, therefore, limiting. 

Contrary to the allegation in the rejection, the specification unambiguously teaches how 
to make DNA probes encompassed by the claims. The preparation of SEQ ID NO:l provides 
just such an example. The preparation of SEQ ID NO:l, derived from iso 70-11, is set out in 
detail beginning at page 1 6 of the specification. It would have been well within the abilities of 
one of skill in the art at the time the Application was filed to follow the methods set out 
beginning at page 16 of the specification and using a sample of the biological deposit 
V88060301 to prepare other probes, without undue experimentation. In fact, as the Examiner 
has aptly stated, the "claims are clearly intended to encompass [just such] a variety of such 
species . . .." Further, as the probes are intended to detect the presence of intact HIV-3 retrovirus 
in a sample, there is no need to limit the probe to some particular reading frame, exon, or protein. 
The probes are meant to detect the RNA from whole virus that, by definition, comprise the 
entirety of the HIV-3 genome. Consequently, it is entirely proper and desirable for the claims to 
read on probes to the intact genomic material. 

Accordingly, the unassailable conclusion that must flow from the foregoing is that the 
specification clearly provides sufficient guidance allowing those of skill in the art to prepare 
probes (including one comprising the sequence of SEQ ID NO:l) from the biological deposit 
ECACC No. V88060301, without any undue experimentation. Therefore, Applicant asserts that 
the rejection under 35 U.S.C. §112, first paragraph, for lack of enablement has been overcome 
and may now properly be withdrawn. 
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D. Indefiniteness Rejection 

Claims 31, 37, and 41 are rejected under 35 U.S.C. §112, second paragraph, as allegedly 
being indefinite. 

Claim 31 is alleged to be indefinite for its use of the phrase "at least 360 contiguous 
sequences corresponding to the genomic RNA of HIV-3". In response Applicant has amended 
claim 31 to recite "360 contiguous nucleotides". Applicant believes that this amendment fully 
addresses and overcomes the rejection. Accordingly, Applicant respectfully requests that this 
rejection be withdrawn. 

Claim 41 is rejected as allegedly being vague and indefinite for its use of the phrase 
"stringent conditions". The rejection alleges that "it is unclear what parameters are encompassed 
by said phrase as the specification fails to provide a definition." Applicant respectfully traverses. 

As detailed in section IV. C, supra, the specification fully defines both the terms 
"stringent hybridization conditions" and "non-stringent hybridization conditions." The 
specification discloses that the parameters encompassed include among, others, salt 
concentration and temperature. Thus, it is Applicant's position that the term "stringent 
hybridization conditions" is fully and definitively defined. Consequently, Applicant respectfully 
requests that this rejection be withdrawn. 

Claim 41 is rejected as allegedly being indefinite for its use of the term "specifically 
hybridizes". The rejection alleges that it is unclear what is meant by the term and queries as to 
whether the word "specificity" refers to the deposited material or HIV-3 generally. Applicant 
respectfully traverses. 

As detailed in section IV. A., supra, the term "specifically hybridizes" is well known and 
widely used by those of skill in the art. Accordingly, it is Applicant's position that this term is 
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clear and definite. Moreover, as described above and clarified by amendment of claim 41 to 
recite "specifically hybridizes under stringent hybridization conditions". This means that if 
mixed and hybridized under stringent hybridization conditions the probe used would specifically 
hybridize with the RNA of the deposited HIV-3 virus. That is, under those stringent 
hybridization conditions it would "recognize" or bind to HIV-3, but not HIV-1 or HIV-2, for 
example. Nevertheless, this places no limitation on the type or strain of HIV-3 retrovirus (or its 
RNA) in the "biological liquid or tissue" set out in claim 41. That is, it does not limit the strain 
of HIV-3 that might be detected by the claimed process. 
V. Rejection under 35 U.S.C. §102 

Claims 31 and 41 are rejected under 35 U.S.C. §102(b) as allegedly being anticipated by 
Montagnier et al (WO 86/02383). The rejection. alleges that Montagnier et al. disclose methods 
for the use of DNA hybridization probes for the detection of LAV (HIV) in tissues and fluids. It 
is deemed in the absence of Evidence to the contrary, that one of the probes encompassed by the 
Montagnier et al. disclosure will be effective in the detection of HIV-3 or its RNA since the 
hybridization conditions and the limitation "specifically" have not been defined. Applicant 
respectfully traverses. 

As currently amended, claims 31 and 41 are limited to processes that require probes that 
"specifically hybridize under stringent conditions" with the deposited HIV-3 RNA. As is shown 
by the data presented in Figure 14. This results in a probe that recognizes HIV-3 but not HIV-1 
or HIV-2. Further, probes for HIV-1 or HIV-2 do not "recognize" HIV-3 under these conditions. 
Accordingly, Montagnier et al. cannot anticipate the present claims because it does not teach or 
describe probes capable of "specifically hybridizing [to HIV-3] under stringent conditions . . .." 
Finally, it is Applicant's position that the limitation "specifically" is fully defined, see section 
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IV, supra. In view of the foregoing, Applicant believes that the rejection of claims 31 and 41 as 
being anticipated under 35 U.S.C. § 102(b) by Montagnier et al. has been overcome and may now 
properly be withdrawn. 
VI. Conclusion 

In view of the foregoing Amendments and Remarks, Applicant believes that all rejections 
and objections have been overcome and that the instant application is now in condition for 
immediate allowance. Consequently, Applicant respectfully requests favorable reconsideration 
of the application and issuance of a Notice of Allowance therefore. 

The Examiner is invited to contact the undersigned attorney at (713) 787-1589 with any 
questions, comments or suggestions relating to the referenced patent application. 



Respectfully submitted, 




Matthew L. Madsen 
Reg. No. 45,594 



HOWREY SIMON ARNOLD & WHITE, LLP Attorney for Assignee 

750 Bering Drive INNOGENETICS N.V. 
Houston, Texas 77057-2198 
(713) 787-1400 
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Relation of HTLV-4 to simian and human immunodeficiency- 
associated viruses. 

Hahn BH, Kong LI, Lee SW, Kumar P, Taylor ME, Arya SK, Shaw GM 

Department of Internal Medicine, University of Alabama, Birmingham 
35294. 

Human immunodeficiency virus type 1 (HIV-1) is the aetiologic agent of 
AIDS (acquired immune deficiency syndrome) in most countries and 
probably originated in Central Africa like the AIDS epidemic itself. Evideno 
for a second major group of human immunodeficiency-associated retro viruse 
came from a report that West African human populations like wild-caught 
African green monkeys had serum antibodies that reacted more strongly with 
a simian immunodeficiency virus (STLV-3Mac) (ref.6) than with HIV-1. 
Novel T-lymphotropic retroviruses were reported to have been isolated from 
healthy Senegalese West Africans (HTLV-4) (ref. 4) and from African green 
monkeys (STLV-3 AGM) (ref. 7), and a different retrovirus (HIV-2) was 
identified in other West African AIDS patients. Genomic analysis of HIV-2 
clearly distinguished it from STLV-3 (ref. 9), but restriction enzyme site- 
mapping of three different HTLV-4 isolates and six different STLV-3 AGM 
isolates showed them to be essentially indistinguishable. In this report we 
clone, restriction map, and partially sequence three isolates of HTLV-4 
(PK82, PK289, PK190) (ref. 4). We find that these viruses differ in nucleotid 
sequence from each other and from three isolates of STLV-3 AGM (K78, 
K6W, Kl) (ref. 7) by 1% or less. We also report the isolation of a T- 
lymphotropic retrovirus from the peripheral blood of a healthy Senegalese 
woman which hybridizes preferentially to HIV-2 specific DNA probes. We 
conclude that HTLV-4 (ref. 4) and STLV-3 AGM (ref. 7) are not independeni 
virus isolates and that HIV-2 is present in Senegal as it is in other West 
African countries. 

PMID: 2823 148 [PubMed - indexed for MEDLINE] 
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Detection of flavivirus RNA in infected cells using photobiotin- 
labelled hybridization probes. 

Khan AM, Wright P J. 

Ten plasmids containing viral cDNA inserts of portions of the dengue virus 
type 2 (DEN-2) or Kunjin virus (KUN) genomes were biotinylated using 
photobiotin acetate and used as probes for the detection of flavivirus RNA in 
infected Vero cells. The viral cDNA inserts ranged in length from 0.19 to 2.7 
kilobase pairs, and represented segments of the flavivirus genome coding for 
structural and nonstructural proteins. In spot hybridization assays 
(hybridization at 60 degrees C) with RNA extracted from cells infected with 
one of fourteen different flaviviruses or Semliki Forest virus, all DEN-2 and 
KUN probes hybridized specifically with RNA from cells infected with DETs 
2 or KUN, respectively. At the reduced stringency of lower temperatures, 
specific hybridization to homologous viral RNA was still a feature of the 
probes, and only limited cross-hybridization to the RNA of some other 
flavivirus species was detected. 

PMID: 3031 1 10 [PubMed - indexed for MEDLINE] 
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Coding sequences for vasoactive intestinal peptide and PHM-27 
peptide are located on two adjacent exons in the human genome 

Bodner M, Fridkin M, Gozes I. 

The human precursor gene for vasoactive intestinal peptide (VIP) and PHM- 
27, a peptide that has an NH2 -terminal histidine and COOH-terminal 
methionine amide and is closely related in sequence and activity to VIP, was 
detected with synthetic oligodeoxynucleotide probes. These specific 
hybridization segments were constructed according to the neuroblastoma VII 
cDNA sequence and contained up to 39 bases. The gene structure was partly 
deduced by hybridization to synthetic oligodeoxynucleotide probes and parti; 
by direct chemical nucleotide sequencing. Four exons were discovered thus 
far; among them are two short exons separated by a 0.75-kilobase DNA 
stretch, one encoding PHM-27 and the second encoding VIP (exons 1 and 2) 
Each of these two exons encodes both the hormone amino acid residues as 
well as the post-translational processing signal sequences. The 3 f splice sites 
of the two exons contain an identical stretch of nine nucleotides. At the cDN, 
level, the 3' splice sites contain the same stretch of six nucleotides, which are 
identically spliced. The occurrence of VIP and PHM-27 coding sequences or 
two separate exons of the human genome and the homology of their 3' splice 
site may allow alternative RNA processing as discussed below. 

PMID: 2987932 [PubMed - indexed for MEDLINE] 
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Mosaic structure and mRNA precursors of uteroglobin, a 
hormone-regulated mammalian gene. 

Snead R, Day L, Chandra T, Mace M Jr, Bullock DW, Woo SL. 

The synthesis of uteroglobin in the rabbit uterus is induced by progesterone 
and is repressed by estrogen which has an over-riding effect over the inducer 
The dual hormonal control system offers an excellent model for studying 
hormonal regulation of mammalian gene expression. Using a full-length 
uteroglobin cDNA clone as a specific hybridization probe, recombinant 
lambda phages containing the entire chromosomal uteroglobin gene have 
been isolated from a rabbit genomic DNA library. Electronmicroscopic 
analysis of hybrid molecules formed between the chromosomal uteroglobin 
gene and uteroglobin mRNA indicated the presence of 2 intervening 
sequences within this gene. The mosaic structure of the uteroglobin gene has 
been substantiated by detailed restriction mapping and Southern 
hybridization. The gene is 3.0 kilobases in length to code for a mature mRN^ 
of 465 nucleotides. Northern hybridization of poly(A)-containing RNA from 
4-day-pregnant rabbit uterus with the full-length cDNA clone revealed the 
presence of uteroglobin mRNA precursors. The size of the largest precursor 
RNA species detected by the cDNA clone is the same as the entire 
chromosomal uteroglobin gene. The fidelity of the precursor RNAs was 
established by their ability to hybridize with specific intervening sequence 
probes. Thus the entire uteroglobin gene is expressed into primary RNA 
transcripts, which are subsequently processed into mature mRNA molecules 
by splicing. 

PMID: 6271764 [PubMed - indexed for MEDLINE] 
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Isolation and structure of a rat cytochrome c gene. 
Scarpulla RC, Agne KM, Wu R. 

We screened a Charon 4A-rat genomic library using the cloned iso-1 
cytochrome c gene from Saccharomyces cerevisiae as a specific hybridizatio: 
probe. Eight different recombinant phages homologous to a coding region 
subfragment of the yeast gene were isolated. Nucleotide sequence analysis ol : 
a 0.96-kilobase portion of one of these established the existence of a gene 
coding for a cytochrome c identical in amino acid sequence with that of 
mouse. The rat polypeptide chain sequence had not previously been 
determined. In contrast to the yeast iso-1 and iso-2 cytochrome c genes, 
neither of which have introns, the rat gene contains a single 105-base pair 
intervening sequence interrupting glycine codon 56. The overall nucleotide 
sequence homology between cytochrome c genes of yeast and rat is about 
62%, with areas of greater homology coinciding with four regions of 
functionally constrained amino acid sequences. Two of these regions 
displayed 85-90% DNA sequence homology, including the longest 
consecutive homologous stretch of 14 nucleotides, corresponding to amino 
acids 47-52 of the rat protein. Somewhat less homology was observed in the 
DNA-specifying amino acids 70-80, which are invariant residues in most 
known cytochrome c molecules. Thermal dissociation of the yeast probe fror 
the homologous rat DNA was at about 58 degrees C in 0.39 M Na+. These 
results establish that cytochrome c genes may be isolated by interspecies 
hybridization between widely divergent organisms. 

PMID: 6263917 [PubMed - indexed for MEDLINE] 
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Conserved Polynucleotide Sequences Among the Genomes of 

Papillomaviruses 

MING-FAN LAW, 1 * WAYNE D. LANCASTER, 2 and PETER M. HOWLEY 1 

Laboratory of Pathology, National Cancer Institute, Bethesda, Maryland 20205, 1 and Department of 
Surgery, Division of Otolaryngology, Case Western Reserve University, Cleveland, Ohio 44106* 

Received for publication 4 April 1979 

The DNAs of different members of the Papillomavirus genus of papovaviruses 
were analyzed for nucleotide sequence homology. Under standard hybridization 
conditions (T m — 28°C), no homology was detectable among the genomes of 
human papillomavirus type 1 (HPV-1), bovine papillomavirus type 2 (BPV-2), or 
cottontail rabbit (Shope) papillomavirus (CRPV). However, under less stringent 
conditions (i.e., T« - 43°C), stable hybrids were formed between radiolabeled 
DNAs of CRPV, BPV-1, or BPV-2 and the HinaUl-Hpal A, B, and C fragments 
of HPV-1. Under these same conditions, radiolabeled CRPV and HPV-1 DNAs 
formed stable hybrids with the Hindi B and C fragments of BPV-2 DNA. These 
results indicate that there are regions of homology with as much as 70% base 
match among all of these papillomavirus genomes. Furthermore, unlabeled HPV- 
1 DNA competitively inhibited the specific hybridization of radiolabeled CRPV 
DNA to BPV-2 DNA fragments, indicating that the homologous DNA segments 
are common among these remotely related papillomavirus genomes. These con- 
served sequences are specific for the Papillomavirus genus of papovaviruses as 
evidenced by the lack of hybridization between HPV-1 DNA and either simian 
virus 40 or human papovavirus BK DNA under identical conditions. These results 
indicate a close evolutionary relationship among the papillomaviruses and further 
establish the papillomaviruses and polyoma viruses as distinct genera. 



The Papovaviridae family consists of the pap- 
illomaviruses (genus A) and the polyoma viruses 
(genus B) (19). The papillomaviruses are distin- 
guished by the larger size of the icosahedral 
capsid virions (55 nm versus 40 nm) and the 
larger size of the supercoiled, double-stranded 
DNA genome (5.0 x 10 s daltons versus 3.3 x 10 8 
dalton8) (3, 8). Members of the Papillomavirus 
genus produce cutaneous papillomatosis and 
other epithelial proliferations in their natural 
hosts, including humans, cattle, rabbits, dogs, 
sheep, chaffinches, and horses, among others. 
Studies on the molecular biology and genetics of 
individual members of this genus have been 
limited, primarily as a consequence of the lack 
of a cell culture system suitable for propagating 
these viruses (1). 

Recent studies have demonstrated a remark- 
able plurality of human papillomaviruses. To 
date, at least five discrete classes of papilloma- 
viruses have been isolated from a variety of 
proliferative epithelial lesions of humans. Hu- 
man papillomavirus types 1 and 4 (HPV-1 and 
HPV-4) are preferentially associated with deep 
plantar warts (2, 6, 7, 10). Human papillomavirus 
type 2 (HPV-2) is preferentially associated with 
common warts (2, 23, 24). Two other papillo- 



maviruses (HPV-3 and HPV-5) have been iso- 
lated from the benign cutaneous proliferations 
of patients with epidermodysplasia verrucifor- 
mis (2, 26), and, interestingly, the lesions con- 
taining HPV-5 appear to have the potential to 
undergo malignant transformation (25). Each of 
these human papillomaviruses is immunologi- 
cally distinct and can be differentiated by nucleic 
acid hybridization and restriction endonuclease 
analysis of their genomes (26). Under stringent 
hybridization conditions little if any DNA se- 
quence homology could be detected among any 
of these five classes of human papillomaviruses 
(24, 26). Also, under nonstringent conditions 
(37°C and 30% formamide) no stable heterodu- 
plexes could be detected between the genomes 
of HPV-1 and HPV-2, emphasizing the distinct- 
ness of these two viruses (24). 

Other animal species also contain more than 
one papillomavirus. In cattle, two distinct pap- 
illomaviruses were purified from bovine fibro- 
papillomas which showed 45 to 58% nucleic acid 
homology when assayed under stringent condi- 
tions (14). Under similar stringent conditions no 
homology was detectable between the genomes 
of either bovine papillomavirus type 1 or type 2 
(BPV-1 or BPV-2) and HPV-1 (14). The cotton- 
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tail rabbit (Shope) papilloma virus (CRPV) pro- 
duces papillomas in cottontail rabbits (Sylvila- 
gus floridanus) and is associated with squamous 
cell carcinoma of the skin in domestic rabbits 
(Oryctolagus cuniculus) (29, 32). A distinct pap- 
illomavirus of domestic rabbits is associated with 
oral papillomatosis (27). In addition, no homol- 
ogy is detectable between the CRPV and human 
papillomavirus DNAs under stringent condi- 
tions (3). 

One of the difficulties with the studies to date 
examining the nucleotide sequence relatedness 
among the papillomaviruses is the stringency 
under which the experiments were performed. 
In general, homology between two papillomavi- 
rus genomes has been examined at 20 to 25 °C 
below the melting temperature (T m ) of the ge- 
nomic DNAs. Although these conditions are op- 
timal for the kinetics of DNA-DNA reassocia- 
tion (35), they are limiting when one wishes to 
examine sequence homology among different 
but similar DNAs; under these conditions only 
segments of DNA with at least five of six bases 
matched will be thermally stable (12). Homolo- 
gous segments of the genome with greater base 
mismatch will not be detected at T m - 25°C. 

In this study we examined the sequence ho- 
mology of several remote papillomaviruses un- 
der conditions of varying stringency. We found 
that at the level of 25% base mismatch homolo- 
gous segments could be detected among the 
genomes of papillomaviruses of different species. 

MATERIALS AND METHODS 

Virus purification. HPV-1 was purified from a 
sample of plantar wart (0.12 g) kindly supplied to us 
by B. Jenson (National Institutes of Health). The wart 
was ground with sterile sand in phosphate-buffered 
saline, pH 7.4. The extract was centrifuged to remove 
sand and cell debris. The viral particles in the super- 
natant were purified twice by equilibrium centrifuga- 
tion in a CsCl gradient (1.34 g/cm a ) followed by sedi- 
mentation once in a neutral sucrose gradient (21 to 
61%). The yield of viral particles in such a plantar wart 
sample was approximately 2%. BPV-1 and BPV-2 were 
prepared as previously described (14). 

Viral DNA. HPV-1 DNA was isolated from puri- 
fied virions. Viral particles were disrupted by incuba- 
tion with 1% Sarkosyl and DNA was extracted with 
phenol. The identity and homogeneity of the DNA 
preparation were ascertained by its mobility and its 
cleavage pattern with restriction endonucleases on 
agarose gel electrophoresis. 

Purified BPV-1 and BPV-2 DNAs were prepared as 
described previously (15), and CRPV DNA was the 
generous gift of D. Lowy (National Institutes of 
Health). 

Unlabeled DNAs of simian virus 40 (SV40) and of 
the MM isolate of human papovavirus BK [BK(MM)] 
were isolated directly from infected African green 
monkey kidney cells and human embryonic kidney 
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cells, respectively, by differential salt precipitation 
according to the procedure of Hirt (11). The super- 
coiled DNA genomes were purified by isopycnic equi- 
librium centrifugation in a CsCl-ethidium bromide 
gradient (1.56 g/cm 3 ) followed by sedimentation 
through a neutral sucrose gradient (5 to 30%). 

The DNAs of human and bovine papillomaviruses, 
CRPV, SV40, and BK(MM) were radiolabeled to high 
specific activity by the enzymatic reaction of Esche- 
richia coli polymerase I and DNase I in the presence 
of [a- M P]ATP and [a- w P]GTP, using the nick trans- 
lation procedure described by Rigby et al. (28). The 
specific activities of radiolabeled DNAs ranged from 
50 X 10 6 to 100 X 10 6 cpm//ig. 

Restriction and electrophoresis of viral DNA. 
Restriction endonucleases BamUl, Hindi, /ft/idlll, 
Hpal, EcoRl, and BgH were purchased from New 
England Biolabs, Lowell, Mass., or from Bethesda 
Research Laboratories, Rockville, Md. Each viral 
DNA (1 pg) was digested with 2 U of restriction 
endonucleases in 100 jxl of the appropriate buffer at 
37°C for 1 h. Sequential cleavage of viral DNAs was 
achieved as previously described (16). 

The total volume of completely cleaved unlabeled 
viral DNA was loaded in a 10 cm by 0.9 cm slot in a 
1.6% agarose vertical slab gel (E.C. Apparatus). The 
cleaved DNA fragments were separated by electro- 
phoresis at 150 V for 3 h. These fragments were 
denatured in situ and were subsequently transferred 
and immobilized onto a nitrocellulose filter as de- 
scribed by Southern (33). 

DNA-DNA hybridization. Strips 5 mm wide cut 
from the unlabeled DNA blots were preincubated at 
60°C for 4 to 10 h in Denhardt's solution (5) before 
hybridization. Radiolabeled viral DNA probes were 
annealed to the unlabeled DNA immobilized on the 
filters at 35°C in 1 M NaCl, 0.01 M N-tris- 
(hydroxymethyl)methyl-2-aminomethane-sulfonic 
acid (pH 7.4), 0.2% Ficoll, 0.2% polyvinylpyrrolidone, 
0.2% bovine serum albumin, and the indicated form- 
amide concentration for 24 h as previously described 
(12). In each experiment there was approximately a 
10-fold excess of unlabeled DNA on the blot to the 
probe, and the hybridization was continued to plateau 
levels as previously described (12). The nitrocellulose 
filter strips were washed extensively with 4 x SSC 
(0.15 M NaCl plus 0.015 M sodium citrate) at temper- 
atures equivalent to their respective hybridization con- 
ditions and then air-dried. The blots were subse- 
quently exposed to RP-Royal Xomat X-ray film (Ko- 
dak) for autoradiograms. 

RESULTS 

Detection and mapping of homology be- 
tween the HPV-1 and BPV-2 genomes. To 
detect and map any homology between the ge- 
nomes of HPV-1 and BPV-2, we annealed ^P- 
labeled BPV-2 DNA to HPV-1 Hindm/Hpal 
DNA fragments under a range of conditions. 
This combination of enzymes cleaves the HPV- 
1 genome into five fragments with the following 
map coordinates: A, 0.285 to 0.62 map units; B, 
0.85 to 0.125 map units; C, 0.67 to 0.85 map units; 
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D, 0.125 to 0.285 map units; and E, 0.62 to 0.67 
map units (6). At 35°C (T m - 28°C) in 50% 
formamide, stringent hybridization conditions 
equivalent to those used by Lancaster and Olson 
(14), no stable hybrids could be detected be- 
tween the radiolabeled BPV-2 DNA probe and 
unlabeled immobilized HPV-1 DNA fragments 
(Fig. 1). At the same temperature, however, 
s*«ble hybrids between the radiolabeled BPV-2 
DNA probe and the HPV-1 DNA fragments 
could be detected at lower formamide concen- 
trations, indicating that there are regions of ho- 
mology between these two DNAs with signifi- 
cant base mismatch. In 40% formamide (an ef- 
fective temperature of T m - 36 °C for HPV-1 
DNA) ^-labeled BPV-2 DNA formed a stable 
hybrid with the HPV-1 fragment A, indicating 

: 32 P HP\/ 1 V " ./ , """ 32 P BPV-2 ['.■' ::: \ 
Probe . ; ; ;DNJA • : . ■ DNA ^ ; . 



Formamide " '™ : :,; 
Concentration • 50% ; '20% 25% 30% 40% 50^ 




Effective ' *•' ' • :' 

Temperature . Tm-ZTC ■ tm^C f&C 43 c € -36* C -2B*C 

Fig. 1. Hybridization of 11 P- labeled bovine papil- 
lomavirus type 2 DNA to fragments of the human 
papillomavirus type 1 (HPV-1) genome. Nitrocellu- 
lose filter strips (5 mm wide) containing unlabeled 
HindlH/Hpal fragments of the HPV-1 genome (0,05 
pg per strip) were incubated for 18 h in 1 ml of a 
reaction mixture containing 500,000 cpm of in vitro 
n P-labeled and denatured HPV-1 DNA or BPV-2 
DNA (specific activities were 7,0 x 10 1 cpmfyg and 
9.0 X 10 7 cpm/pg, respectively) at 35°C at the indi- 
cated formamide concentrations. The strips were 
washed at the temperature equivalent to the reaction 
as described in Materials and Methods and were 
exposed to RP-Royal Xomat X-ray films for 6 h for 
hybridization between homologous DNAs and for 24 
h for the hybridizations between heterologous DNAs, 
The effective temperature for hybridization in each 
case was determined by the melting temperature (T*) 
of HPV-1 DNA at each formamide concentration, 
which was calculated from the equation T m (°C) « 
81.5 + 16.6 (log M) + 0.41 (% G+C> - 0.72 (% form- 
amide), where M is the molarity of monovalent salt, 
and % G+C is the percentage of guanine plus cytosine 
residues in the DNA (18, 30). The % G+C for HPV-1 
is 41% (4, 20). 



a region of homology within that fragment with 
a maximum of 25% base mismatch. Under less 
stringent conditions (30% formamide, which is 
an effective temperature of T m - 43°C for HPV- 
1 DNA), additional stable hybrids formed be- 
tween the radiolabeled BPV-2 probe and HPV- 
1 fragments B and C, indicating regions of ho- 
mology with a maximum of 30% base mismatch 
within those two fragments. Greater hybridiza- 
tion occurred at the lower formamide concentra- 
tions with HPV-1 fragment C than with HPV-1 
fragment B, which may indicate that the ho- 
mologous regions within the HPV-1 C fragment 
are more extensive than within the HPV-1 B 
fragment Even in 20% formamide (effective 
temperature of T m - 48°C for HPV-1 DNA), 
however, no homology was detected between 
the BPV-2 probe and HPV-1 fragments D and 
E (Fig. 1). The locations of the five HPV-1 
Hpal/HindHI fragments are indicated on the 
physical map of the genome shown in Fig. 2 (6); 
the noncontiguous fragments containing the re- 
gions homologous to the BPV-2 genome are 
indicated with bold lines. 

The presence of common sequences between 
the genomes of HPV-1 and BPV-2 was con- 
firmed by a reciprocal experiment in which M P- 
labeled HPV-1 DNA was annealed to the four 
Hindi fragments of BPV-2 under a variety of 
conditions. Again, no homology was detectable 
under the most stringent hybridization condi- 
tions utilized (effective temperature T m — 30° C 
for BPV-2 DNA). In 40% formamide, however, 
stable hybrids formed between the "P-labeled 
HPV-1 probe and the BPV-2 HineU B fragment 
(Fig. 3). In 20 and 30% formamide stable hybrids 



B 




A 

Fig. 2. Circular physical map of human papilloma 
virus type 1 DNA (6). The five Hpal/Hindlll cleavage 
fragments are labeled according to their size. The A, 
B, and C fragments containing sequences homolo- 
gous to bovine papillomavirus type 2 DNA are indi- 
cated in bold lines. 
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Fig. 3. Hybridization of 31 P- labeled human pap- 
illomavirus type 1 (HPV>1) DNA to fragments of the 
bovine papillomavirus type 2 (BPV-2) genome. Nitro- 
cellulose filter strips (5 mm wide) containing unla- 
beled Hindi fragments of the BPV-2 genome (0.05 
fig per strip) were incubated for 18 h in I ml of 
reaction mixture containing 500,000 cpm of in vitro 
n P-labeled and denatured HPVl DNA or BPV-2 
DNA (specific activities were 7.0 X 10 1 cpm/pg and 
9.0 X 10 1 cpm/fig, respectively) at 35°C with the in- 
dicated formamide concentration. The strips were 
processed as described in the legend of Fig. 1. The 
effective temperature at each formamide concentra- 
tion was determined from the T m calculated from the 
equation in the legend of Fig. 1. The % G+Cfor BPV- 
2 is 45.5 (4). 



were detected only with BPV-2 Hindi frag- 
ments B and C. Thus, sequences homologous to 
HPV-1 DNA with a maximum of approximately 
25% base mismatch are located in the BPV-2 
Hindi B fragment and homologous sequences 
with up to 30% base mismatch are located in the 
BPV-2 Hindi B and C fragments. The location 
of the four Hindi fragments of BPV-2 are indi- 
cated in Fig. 4 (W. D. Lancaster, manuscript 
submitted for publication); the fragments con- 
taining the homology detected with HPV-1 are 
indicated with the bold lines; and, as in the 
HPV-1 genome, the homologous segments are 
noncontiguous. 

Hybridization of BPV-1 and CRPV DNAs 
to fragments of the HPV-1 and BPV-2 ge- 
nomes. To further examine the sequence ho- 
mology among the genomes of various papillo- 
maviruses, radiolabeled probes prepared in vitro 
from BPV-1 and CRPV DNAs were annealed to 
the HPV-1 Hindlll/Hpal DNA fragments and 
the BPV-2 Hindi DNA fragments. In 50% form- 
amide no homology was detectable between ^P- 
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Fig. 4. Circular physical map of the bovine papil- 
lomavirus type 2 genome (W. D. Lancaster, manu- 
script submitted for publication). The four Hindi 
fragments are labeled according to their size; the 
single Hindlll cleavage site is used as the 0 map 
position. The B and C fragments containing se- 
quences homologous to human papillomavirus type 1 
are indicated in bold lines. 

labeled BPV-1 DNA and HPV-1 DNA frag- 
ments. In 40% formamide hybridization of the 
^P-labeled BPV-1 DNA probe to HPV-1 frag- 
ment A was detected, and in 30% formamide 
specific annealing to fragments A, B, and C was 
detected (Fig. 5). No annealing of the BPV-1 
DNA probe to HPV-1 fragments D or E was 
detected even in 20% formamide. Thus, by this 
analysis the fragments of HPV-1 DNA contain- 
ing regions of homology with BPV-1 DNA are 
the same fragments containing the regions of 
homology with BPV-2 DNA, and the effective 
temperatures at which the specific regions of 
homology melt are identical. 

Homology was also detectable between the 
genomes of HPV-1 and CRPV. Although no 
stable hybrids were detectable between a CRPV 
probe and any of the HPV-1 Hindlll/Hpal frag- 
ments in 40% formamide, stable hybrids were 
formed in 30% formamide with the HPV-1 frag- 
ments A, B, and C (Fig. 5). In addition, the 
CRPV probe formed a stable hybrid with the 
HPV-1 D fragment (Fig. 5) in 20% formamide 
and faintly in 25% formamide. Thus, a region of 
homology with approximately 35% base mis- 
match mapping in the HPV-1 D fragment can 
be detected between the CRPV and HPV-1 ge- 
nomes which is not shared between the HPV-1 
DNA and the genomes of the bovine papilloma- 
viruses. 

^P-labeled CRPV DNA did not form any 
stable hybrids with any of the BPV-2 Hindi 
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Fig. 5. Hybridization of**P-labeled bovine papillomavirus type 1 (BPV-1) or cottontail rabbit papilloma- 
virus (CRPV) DNA to fragments of the human papillomavirus type 1 (HPV-1) genome. Nitrocellulose filter 
strips containing Hindlll/Hpal fragments of the HPV-1 genome (0.05 pg per strip) were incubated for 18 h in 
1 ml of reaction mixture containing in vitro 32 P- labeled and denatured HPV-1 (specific activity, 12 x 10* 
cpm/pg), BPV-1 (specific activity, 8 X 10 7 cpm/itg) or CRPV (specific activity, 6 x 10 1 cpm/pg) DNA at35°C 
at the indicated formamide concentration. The strips were processed as described in the legend of Fig, 1. 



fragments in 40% formamide; however, it did 
form stable hybrids with Hindi fragments B 
and C in 20, 25, and 30% formamide (Fig. 6). 
Thus, at the level of 30% base mismatch CRPV 
shares homology with the BPV-2 genome in the 
same BPV-2 fragments which share homology 
with HPV-1 DNA (Fig. 3). 

"P-labeled BPV-1 DNA formed stable hy- 
brids with the BPV-2 DNA fragments even in 
60% formamide (Fig. 6). This result is in good 
agreement with the findings of Lancaster and 
Olson that the BPV-1 and BPV-2 genomes are 
up to 58% homologous under standard stringent 
conditions of hybridization (14). These two vi- 
ruses are clearly closely related. The results 
presented here indicate that the strong regions 
of homology are not localized in one portion of 
the genome but rather are dispersed throughout 
the genome and are represented in each of the 
four Hindi fragments. Similar results were ob- 
tained when the isolated labeled Hindi BPV-2 
fragments were hybridized to BPV-1 DNA un- 
der stringent conditions (W. D. Lancaster, un- 
published data). 

Competitive hybridization of "P-labeled 
CRPV DNA to BPV-2 DNA by unlabeled 
HPV-1 DNA. To determine whether the ho- 
mologous sequences detected between the BPV- 
2 genome and CRPV DNA were the same as 
those sequences shared by BPV-2 and HPV-1 
DNA, we performed a competition hybridization 
experiment. In vitro "P-labeled CRPV DNA 



was incubated with nitrocellulose strips contain- 
ing the four Hindi fragments of BPV-2 DNA in 
20% formamide and different concentrations of 
unlabeled HPV-1 DNA for 18 h (Fig. 7). As 
expected, "P-labeled CRPV DNA formed stable 
hybrids with BPV-2 DNA fragments B and C 
when no HPV-1 DNA was added to the hybrid- 
ization mixture. Although the addition of 0.5 ug 
of unlabeled HPV-1 DNA had little if any de- 
tectable effect on the annealing of "P-labeled 
CRPV DNA, the presence of 5.0 /ig of HPV-1 
DNA completely blocked its specific hybridiza- 
tion (Fig. 7). This indicates that the sequences 
in the BPV-2 Hindi B and C fragments homol- 
ogous with CRPV DNA are the same as those 
sequences shared by HPV-1 DNA and BPV-2 
DNA. The presence of common sequences 
among three papillomaviruses whose natural 
hosts are so different strongly suggests that these 
sequences are conserved among the genomes of 
all papillomaviruses. 

Lack of homology between the papillo- 
maviruses and the polyoma viruses. We ex- 
tended these studies to examine the relationship 
of the Papillomavirus genus to the Polyomavi- 
rus genus. "P-labeled HPV-1 DNA was hybrid- 
ized to specific restriction endonuclease frag- 
ments of SV40 and BK(MM) DNAs immobilized 
on nitrocellulose filters. Even in 20% formamide 
(low-stringency conditions under which the ho- 
mology between SV40 and polyoma virus DNAs 
can be demonstrated) (12), no stable hybrids 
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Fig. 6. Hybridization of^P-labeled bovine papillomavirus type 1 (BPV-1) or cottontail rabbit papilloma- 
virus (CRPV) DNA to fragments of the bovine papillomavirus type 2 (BPV-2) genome. Nitrocellulose filter 
strips containing Hindi fragments of the BPV-2 genome (0.05 fig per strip) were incubated for 18 h in 1 ml of 
a reaction mixture containing 500,000 cpm of in vitro n P-labeled and denatured BPV-1 (specific activity, 8 
X W 1 cpm/pg) or CRPV (specific activity, 6 x 10 7 cpm/ng) DNA at 35° C in the indicated formamide 
concentrations. The strips were processed as described in the legend of Fig. 1. 



could be detected between HPV-1 DNA and 
either SV40 or BK(MM) DNA fragments (Fig. 
8). Although the data are not shown, similar 
negative results were obtained when radiola- 
beled SV40 or BK(MM) DNAs were annealed 
with immobilized HPV-1 Hindlll/Hpal frag- 
ments. 

DISCUSSION 

In this study we have demonstrated the pres- 
ence of conserved nucleotide sequences among 
the genomes of several papillomaviruses. Since 
these regions of homology contain 25 to 35% 
base mismatch they cannot be detected by DNA 
reassociation kinetics under standard hybridi- 
zation conditions at T m — 25°C. However, under 
the less stringent conditions employed in this 
study, these homologous regions formed stable 
heteroduplexes and could be detected at T m — 
43 °C. The conserved homologous sequences 
were localized in the HPV-1 DNA Hindlll/Hpal 
A, B, and C fragments and in the BPV-2 DNA 
Hindi B and C fragments. Since there is no 
information on the genetic organization of pap- 
illomavirus genomes, the localization of the con- 
served sequences to specific genes or functional 
regions of the papillomaviruses is not yet possi- 
ble. 

The regions of conserved homology among 
papillomaviruses appear to be genus or subgroup 
specific. No stable hybrids could be detected 



between the DNAs of HPV-1 and either of the 
primate polyoma viruses SV40 or BK(MM). It 
also appears from our studies that there is ex- 
tensive homology between the genomes of the 
two bovine papillomaviruses, evidenced both by 
the even distribution of the homologous regions 
throughout the BPV-1 and BPV-2 genomes and 
by the low degree of base mismatch (at most 
16.5%) within the homology regions (stable het- 
eroduplexes were formed between the two ge- 
nomes even at T m - 23°C). The DNAs of the 
two bovine papillomaviruses also showed a sim- 
ilar hybridization pattern with HPV-1 DNA, in 
that they each shared homology with the HPV- 
1 DNA Hindlll/Hpal fragments A, B, and C, 
with the strongest homology in fragment A. 

In addition to these conserved sequences, 
CRPV DNA contained a region of weak homol- 
ogy with HPV-1 DNA in the HindUl/Hpal 
fragment D which was not detectable between 
BPV DNAs and the HPV-1 genome. This addi- 
tional homology suggests that HPV-1 and CRPV 
are more closely related to each other than they 
are to the bovine papillomaviruses. This closer 
relationship may be reflected in the nature of 
the lesions produced by HPV-1 and CRPV, 
which are predominantly epithelial, in contrast 
to those produced by BPV-1 and BPV-2, which 
are fibro-epithelial. 

Immunodiffusion experiments failed to show 
any antigenic similarities among virions of the 
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Probe : 32 P BPV-2 : 32 P-GRPV ; 

DNA ; DNA 

Formamide 

Concentration 50% 20% 20% 20% 




HPV-1 DNA : ; ; Qm9 . ., 0 M g, p.5 M g 5 H g 

Fig. 7. Competitive inhibition of the hybridization 
between 31 P- labeled cottontail rabbit papillomavirus 
(CRPV) DNA and fragments of the bovine papillo- 
mavirus type 2 (BPV-2) genome by unlabeled human 
papillomavirus type 1 (HPV-1) DNA. Nitrocellulose 
filter strips containing Hindi fragments of the BPV- 
2 genome (0.05 fig per strip) were allowed to hybridize 
with 500,000 cpm of n Plabeled and denatured CRPV 
DNA (specific activity, 6 X 10 7 cpm/yg) in a reaction 
mixture containing 20% formamide and the indicated 
amount of unlabeled, sheared, and denatured HPV- 
1 DNA. Incubation was at 35° C for 18 h. The strips 
were processed as described in the legend of Fig. 1. 

papillomaviruses of different species (17). Re- 
cently, however, Jenson and co-workers have 
demonstrated that antisera against sodium do- 
decyl sulfate-disrupted human papiUomavirus 
virions can cross-react with virus-positive pap- 
illomas of different species (B. Jenson, W. D. 
Lancaster, and K. Shah, personal communica- 
tion). Independently, Orth et al. have also shown 
common antigenic determinants between HPV- 
1 and CRPV, using either sera of rabbits bearing 
transplanted CRPV-induced carcinomas or hy- 
perimmune sera raised against either alkali-dis- 
rupted HPV-1 virions or against the main HPV- 
1 structural polypeptide (22). Presumably, these 
cross-reacting antigenic determinants are 
masked in intact viral particles since antisera 
prepared against intact HPV-1 virions reacted 
only with HPV-1 infected cells. A similar situa- 
tion has also been observed for the different 
members of the polyoma virus subgroup, where 
a genus-specific antigen has been detected by 
using antisera against disrupted virions but not 
with intact virions (31). In addition, each of the 



antisera raised against disrupted virions of either 
HPV-1 or SV40 failed to cross-react with cells 
infected by viruses of the heterologous genus, 
indicating that the antigens detected are genus 
specific (P. M. Howley, unpublished data; B. 
Jenson, W. D. Lancaster, and K. Shah, personal 
communication). 

Determining the precise location and size of 
the conserved sequences among the papilloma- 
viruses requires additional analysis by either 
electron microscopic heteroduplex mapping (9) 
or hybridization to other genomic fragments 
generated by different restriction endonucleases. 
It is clear from the data presented here that the 
sequences common to the bovine papillomavi- 
ruses, HPV-1, and CRPV are localized in non- 
contiguous regions of the genome, indicating 
that the homology most likely exists in at least 
two different gene regions. Furthermore, the 
presence of a common genus-specific internal 
antigen indicates that at least one of the areas 
of conserved nucleotide sequences must encode 
a portion of a major or minor capsid protein. 
Since nothing is known of the genetic organiza- 
tion of the papillomavirus genomes, however, 
the identification of the actual genes containing 
the conserved sequences will require the eluci- 
dation of this organization. 

The presence of common sequences among 
HPV-1, CRPV, BPV-1, and BPV-2 DNAs indi- 
cates that a closer evaluation of the potential 
role of the human papillomaviruses in human 
neoplasia may be warranted. The oncogenic po- 
tentials of the bovine papillomaviruses and 
CRPV have been well established. CRPV is 
capable of producing carcinomas as well as be- 
nign skin papillomas in its natural host, the 
cottontail rabbit, as well as in the domestic 
rabbit (13, 34). Experimentally, the bovine pap- 
illomaviruses are capable of producing menin- 
giomas and polypoid bladder tumors in their 
natural host and benign as well as malignant 
stromal tumors in alien hosts such as mice or 
hamsters (21). One of the human papillomavi- 
ruses, HPV-5, may have oncogenic potential in 
humans in that verrucous lesions containing 
HPV-5 in patients with epidermodysplasia ver- 
ruciformis appear to undergo malignant conver- 
sion to squamous cell carcinoma rather fre- 
quently (23). The systematic screening of human 
tumors for papiUomavirus sequences has not 
been feasible because of the increasing number 
of human papiUomaviruses whose DNAs do not 
cross-hybridize under stringent conditions. How- 
ever, because of the common DNA sequences 
among the papillomaviruses demonstrated in 
this manuscript, it should be possible to assay 
for papiUomavirus- specific DNA sequences in 
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Fig. 8. Hybridization of n P labeled HPV-1 DNA to the fragments of (A) the simian virus 40 (SV40) or (B) 
the MM isolate of human papovavirus BK [BK(MM)J genomes. Nitrocellulose filter strips containing 
unlabeled EcoRI/Bgll/Hpal fragments of the SV40 genome, or unlabeled BamHI/HindJII fragments of the 
BK(MM) genome, were allowed to hybridize to ^P-labeled and denatured homologous DNA or human 
papillomavirus type 1 (HPV-1) DNA under the conditions indicated and were processed as described in the 
legend of Fig. 1. 



human tumors under less stringent conditions 
(i.e., T m - 43°C) using any one of the human 
papillomavirus DNAs as a probe. 
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